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This pa  per dis  cusses the in  flu  ence of ra  di  a  tion en  ergy and an  gle of in  ci  dence as pos  si  -
ble sources of un cer tain ties in mea sure ments per formed by GM coun ters. Based on the 
de  tec  tion ef  fi  ciency of GM coun  ters, it has been con  cluded that the en  ergy of in  ci  dent
ra di a tion  does  not  con trib ute  to  the  over all  un cer tainty.  The  an gle  of  in ci dent  ra di a -
tion does con trib ute to over all un cer tainty, but only in the case of gamma ra di a tion de -
tec tion. In that case, the un cer tainty should be de ter mined by us ing geo met ri cal prob -
a bil ity.
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IN TRO DUC TION
In the pre  vi  ous pa  per [1], by means of a pro  cess
of  de tect ing  ion iz ing  ra di a tion  by  GM  coun ters,  the
fol low ing po ten tial sources of un cer tainty were iden ti -
fied: the en  ergy and in  ci  dent an  gle of ra  di  a  tion, coun  -
ter dead time, res o lu tion of the in stru ment read ing sys -
tem,  in stru ment  cal i bra tion  er rors,  in flu ence  of
back  ground ra  di  a  tion, the stochastical na  ture of this
phe  nom  e  non, and the in  flu  ence of the overvoltage
phe nom e non  in  mea sur ing  sys tems  (in  their  wire
struc tures) in duced by en vi ron men tal elec tro mag netic 
ra  di  a  tion. It has been said that the en  ergy of in  ci  dent
ra di a tion  de ter mines  the  num ber  of  free,  po ten tially
ini tial elec trons in the coun ter’s tube and con trib utes to 
the stochastical dis  charge time of the coun  ter, di  rectly
de  ter  min  ing the na  ture of type A un  cer  tainty. It has
also been said that the an  gle of in  ci  dent ra  di  a  tion con  -
trib utes to type A un cer tainty, be cause the num ber and
po  si  tion of free elec  trons, cre  ated by ion  iza  tion, de  -
pend on this an gle. Noth ing else was said about the en -
ergy  and  an gle  of  in ci dent  ion iz ing  ra di a tion  as
sources of un  cer  tain  ties. Other iden  ti  fied sources of
un cer tain ties are the o ret i cally and ex per i men tally an a -
lyzed in de  tail. There  fore, the aim of this pa  per is to
con sider the in flu ence of the en ergy and in ci dent an gle 
of  ion iz ing  ra di a tion  on  mea sure ments  per formed  by
GM coun  ters.
DE TEC TION  EF FI CIENCY  OF
GM COUN  TERS
Be  cause a sin  gle ion pair formed within the fill  -
ing gas of the GM tube can trig  ger a full Gei  ger dis  -
charge [2, 3], the count  ing ef  fi  ciency for any charged
par  ti  cle that en  ters the ac  tive vol  ume of the tube is es  -
sen tially  100%.  In  most  prac ti cal  sit u a tions,  ef fec tive
ef fi ciency  is  there fore  de ter mined  by  the  prob a bil ity
that the in ci dent ra di a tion pen e trates the win dow of the 
tube with out  ab sorp tion  or  back scat ter ing. With  al pha
par  ti  cles, the ab  sorp  tion within the win  dow is the ma  -
jor con cern, even if win dows with a thick ness as small
as 1.5 mg/cm2 are used.
GM coun  ters are not used for neu  tron de  tec  tion,
be cause con ven tional gases have an un ac cept ably low
cross-sec  tion for ther  mal neu  tron cap  ture. It is pos  si  -
ble to use gases with a high cap ture cross-sec tion, such
as BF3 but, in that case, pro  por  tional coun  ters are
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tron-in duced events are of much larger am pli tude than
pulses gen  er  ated by back  ground gamma rays and are,
there  fore, eas  ily dis  tin  guished. In the Gei  ger re  gion,
all pulses are of the same am  pli  tude and gamma ray
dis crim i na tion  is  not  pos si ble.  Fast  neu tron  gas-filled
de tec tors  are  nor mally  op er ated  as  pro por tional  coun -
ters, rather than as GM coun  ters, to take ad  van  tage of
the  spec tro scopic  in for ma tion  pro vided  only  in  the
pro por tional  re gion.
In any gas-filled coun  ter, the de  tec  tion of gamma
rays is based on the cre  ation of sec  ond  ary elec  trons in
the thin in  ner wall sur  face of the tube from which elec  -
trons can reach the gas and cre  ate ions. Be  cause only a
sin gle ion pair is re quired, the sec ond ary elec tron needs
only to barely emerge from the wall near the end of its
track in or  der to gen  er  ate a pulse from a GM tube. De  -
tec tion ef fi ciency for gamma rays there fore de pends on
two  sep a rate  fac tors:  the  prob a bil ity  that  the  in ci dent
gamma ray in ter acts in the wall and pro duces a sec ond -
ary elec tron and the prob a bil ity that the sec ond ary elec -
tron reaches the fill  ing gas be  fore the end of its track.
De  tec  tion ef  fi  ciency is high  est when the tube wall is
con  structed of high atomic num  ber ma  te  rial. GM tubes
with a bis muth cath ode (Z = 83) have been widely used.
Even in this case, gamma ray de  tec  tion ef  fi  ciency is
small and does not ex  ceed sev  eral percents, which
means that the ran  dom pro  cess of gamma ray de  tec  tion
be longs  to  the  Pois son  dis tri bu tion.
IN FLU ENCE  OF  RA DI A TION  AN GLE  OF
IN CI DENCE  ON  MEA SURE MENT
UN CER TAINTY
Tak  ing into ac  count the above men  tioned, it can
be con  cluded that:
– the en  ergy of the in  ci  dent ra  di  a  tion does not con  -
trib  ute to the over  all un  cer  tainty in mea  sure  ments
per  formed by GM coun  ters, and
– the an gle  of  in ci dent ra di a tion  does con trib ute to the
over all  un cer tainty  in  mea sure ments  per formed  by
GM coun  ters, but only in the case of gamma ra  di  a  -
tion  de tec tion.
The way the mea  sure  ment un  cer  tainty de  pends
on the in  ci  dent ra  di  a  tion an  gle is based on a geo  met  ri  -
cal prob  a  bil  ity, as shown in fig. 1.
When  the  in ci dent  ra di a tion  pen e trates  the  tube
wall, the area of in  ter  ac  tion (s1 and s2 shown in fig. 1)
de  pends on the ra  di  a  tion an  gle with a re  la  tion of
1/sina, which can be seen from the first ap prox i ma tion 
and, there  fore, the con  tri  bu  tion of in  ci  dent gamma ra  -
di a tion  an gle  on  mea sure ment  un cer tainty  can  be  de -
ter mined  from:
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where   l rep  re  sents the vari  ance of the Pois  son dis  tri  -
bu  tion when the in  ci  dent gamma ra  di  a  tion is per  pen  -
dic  u  lar to the GM tube.
REF ER ENCES
[1] Stankovi}, K., Arandji}, D., Lazarevi}, Dj., Osmokrovi},
P., Ex  panded and Com  bined Un  cer  tainty in Mea  sure  -
ments by GM Coun  ters, Nu clear  Tech nol ogy  &  Ra di a -
tion  Pro tec tion,  22 (2007), 2, pp. 64-70
[2] Knoll,  G.  F.,  Ra di a tion  De tec tion  and  Mea sure ment,
John Wiley and Sons, New York, USA, 1979
[3] Osmokrovi}, P., Ba  sics of Nu  clear Phys  ics (in Ser  -
bian), Akademska misao, Bel  grade, 2008
42 Nu clear  Tech nol ogy  &  Ra di a tion  Pro tec tion  –2/2007
Fig ure  1.  Mea sure ment  un cer tainty  de pend ence  on  the
in ci dent  ra di a tion  an gle
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UTICAJ  ENERGIJE  I  UGLA  UPADNOG  ZRA^EWA  NA  MERNU
NESIGURNOST  GAJGER-MILEROVOG  BROJA^A
U radu je opisan uticaj energije i ugla upadnog zra~ewa kao mogu}ih izvora merne
nesigurnosti pri merewima izvr{enim Gajger-Milerovim broja~ima. Na osnovu efikasnosti
detekcije Gajger-Milerovog broja~a, mo`e se zakqu~iti da energija upadnog zra~ewa ne uti~e na
ukupnu mernu nesigurnost. Ugao upadnog zra~ewa uti~e na mernu nesigurnost, ali samo u slu~aju
detekcije gama zra~ewa. U tom slu~aju, merna nesigurnost mo`e da se odredi koriste}i
geometrijsku verovatno}u.
Kqu~ne re~i: merna nesigurnost, Gajger-Milerov broja~, energija zra~ewa, upadni ugao zra~ewa